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Background: The India AIDS Initiative (Avahan) prevention programme funded by the Bill and Melinda
Gates Foundation aims to reduce HIV prevalence in high risk groups such as female and male sex workers
and their clients, to limit HIV transmission in the general population.
Objectives: To assess the potential effectiveness of the Avahan intervention at the level of coverage
targeted, in different epidemiological settings in India.
Methods: A deterministic compartmental model of the transmission dynamics of HIV and two sexually
transmitted infections, and sensitivity analysis techniques, were used, in combination with available
behavioural and epidemiological data from Mysore and Bagalkot districts in the Indian state of Karnataka,
to evaluate the syndromic sexually transmitted infection (STI) management (STI treatment), periodic
presumptive treatment of STI (PPT), and condom components of the Avahan intervention targeted to female
sex workers (FSW).
Results: If all components of the intervention reach target coverage (that is, PPT, STI treatment and condom
use), the intervention is expected to prevent 22–35% of all new HIV infections in FSW and in the total
population over 5 years in a low transmission setting like Mysore, and to be half as effective in high
transmission settings such as Bagalkot. The results were sensitive to small variations in intervention
coverage. The condom component alone is expected to prevent around 20% of all new HIV infections over
5 years in Mysore and around 6% for the STI component alone; compared with 7%–14% for the PPT
component alone. Multivariate sensitivity analyses suggested that interventions may be more effective in
settings with low FSW HIV prevalence and small FSW populations, whereas HIV prevalence was most
influenced by sexual behaviour and condom use parameters for FSW.
Conclusion: The Avahan intervention is expected to be effective. However, to be able to demonstrate
effectiveness empirically in the different settings, it is important to achieve target coverage or higher, which
in the case of PPT could take a number of years to achieve. These preliminary model predictions need to be
validated with more detailed mathematical models, as better data on sexual behaviour, condom use, STI
and HIV trends over time, and intervention coverage data accumulate over the course of the programme.

T
he first AIDS cases were reported in India in the mid-
1980s.1 Since then, HIV infection appears to have spread
rapidly in several regions.2 Both female and male

commercial sex workers (CSW) and their clients are believed
to be important in facilitating this spread,3 although the
relative importance of female versus male CSW may vary
from region to region.4 The India AIDS Initiative (Avahan)
HIV intervention prevention programme funded by the Bill
and Melinda Gates Foundation is a programme addressing
this challenge in selected districts of six Indian states with a
combined population of 300 million. In at least 62 districts
(population 140 million) of the four southern states in India,
the intervention programme focuses on CSW, men who have
sex with men (MSM), and clients of CSW. Avahan aims to
reduce HIV prevalence in high risk groups in order to limit
HIV transmission in the general population.5 For CSW and
MSM, the different components of the Avahan intervention
centre on improving quality and services for sexually
transmitted infections (STIs), unlimited free distribution of
condoms and promotion of their use, encouraging behaviour
change, self help, and reducing vulnerability.

Monitoring and evaluation of the impact of the interven-
tion are also occurring throughout its implementation.5 In
addition to ongoing data collection, mathematical modelling

will be used to estimate the potential effectiveness of the
programme and to guide understanding of how the observed
epidemiology in the settings where the intervention is
implemented may influence its effectiveness. The full
mathematical model for this assessment is currently under
development. Despite the limited availability of data, an
initial rapid assessment of the potential impact of the
interventions targeting female sex workers (FSWs) was
carried out. The interventions in the field focus on promoting
increased coverage and consistency of correct condom use;
treating symptomatic vaginal infections (trichomoniasis,
candidiasis, and bacterial vaginosis); treating symptomatic
cervical infections (gonorrhoea and chlamydial infection);
treating and preventing asymptomatic cervical infections
through periodic presumptive treatment (PPT) and treatment
based on the results of physical examinations and risk

Abbreviations: ART, antiretroviral therapy; CSW, commercial sex
workers; CT, Chlamydia trachomatis; FSW, female sex workers; GC,
Neisseria gonorrhoeae; HSV, herpes simplex virus; IBBA, Integrated
Biological and Behavioural Assessment; ICHAP, India-Canada
Collaborative HIV/AIDS Project; MSM, men who have sex with men;
PF, prevented fraction; PPT, periodic presumptive treatment; STI, sexually
transmitted infections
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assessment; treating genital ulcers for chancroid and syphilis;
treating symptomatic herpetic genital ulcers; and serological
screening and treatment for syphilis.

This modelling study aimed to assess the possible range of
effectiveness expected in different epidemiological settings
assuming the different intervention components were deliv-
ered at the target coverage levels envisaged by the Avahan
programme. Implications of the results for the evaluation of
the intervention are also discussed.

METHODS
Model description and baseline assumption
An adapted version of a deterministic compartmental model
(POP 1.07) was used to simulate the transmission dynamics
of HIV and two sexually transmitted infections (STI-1, STI-2)
(detailed description in appendix on STI website, www.
stijournal.com/supplemental). The model comprised a system
of ordinary differential equations whose state variables
represented the proportions of the population in key stages
of the natural history of HIV and STI infections. In the model,
infection with HIV was followed by a short and high
infectivity stage then by a longer stage of lower infectivity,
until the onset of AIDS when sexual activity was assumed to
cease. Each STI was assumed to facilitate HIV transmission
by a specific cofactor effect, which combined additively in the
presence of both STIs. STI-1 was assumed to correspond to a
curable infection of short duration, characterised as Neisseria
gonorrhoeae or Chlamydia trachomatis (GC/CT), while STI-2
corresponded to a non-curable infection of lifelong duration,
to characterise herpes simplex virus type 2 (HSV-2) infection.

The two sex model population was stratified into FSWs,
their male clients, and the general population, with the latter
being further subdivided into subgroups representing differ-
ent specified levels of sexual behaviour (that is, inactive,
those with long term partners only, and those with both long
term and casual partners) (appendix on STI website).
Numbers of FSW-client relationships and of casual partner-
ships between FSW or clients with a partner who has both
long term and casual relationships, were determined from
data (table 1D, appendix and table on STI website). In
absence of data, the mixing of individuals with long term
relationships belonging to different sexual activity subgroups
was assumed to be proportionate—that is, partners from each
subgroup being chosen in proportion to the total number of
partnerships in the population supplied by each of the
different sexual activity subgroups (appendix on STI web-
site). The modelled probability of infection with HIV, STI-1,
or STI-2 depended on the number of sexual partners and sex
acts, the proportion of partners infected with the given
infection, the stage of infection, the cofactor effect, and the
level of condom use (table 1A, B, D, F, appendix on STI
website).

Pre-intervention and individuals not reached by the
modelled intervention
In each sexual activity subgroup, baseline level and consis-
tency of condom use (that is, fraction of sex acts protected)
were specified (table 1F). The mean duration of infection for
STI-1 only was reduced by treatment, and was followed by
reversion to the susceptible class (parameters in table 1A). A
baseline fraction of FSW with symptoms is assumed to
attend a clinic and get treated (table 1E).

Modelled intervention
The modelled FSW intervention included increased condom
use between FSWs and clients, improved syndromic manage-
ment of STIs, and PPT of GC/CT infections. The condom and
STI interventions were assumed to reach a fraction (freached)
of the FSW population. Condom use (CondomMain, fcasual-always,
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fclient-always, Dall) was assumed to increase among all FSWs
reached by the condom intervention, whereas only a proportion
(fclinic) of FSWs reached by the STI intervention were assumed
to attend an STI clinic when they had STI symptoms. Once at an
STI clinic, a fraction of FSWs were correctly diagnosed using a
syndromic algorithm with a specific test sensitivity (ftreated-clinic)
and given treatment of assumed efficacy (Efftreat). In addition, a
proportion of all FSWs (fPPT) who attended the STI clinic were
given PPT with assumed efficacy for CT/GC (EffPPT-treat), and
were told to return with a specific frequency (FreqPPT) for
additional PPT. For this reason, the number of FSWs receiving
PPT increased as more women attended the STI clinic. Each
component of the intervention could be started at the specified
time.

The overall condom and STI coverage achieved by the
intervention, which depends on the different intervention
parameters, are defined in table 1H. This includes fractions
of: FSW reached by SW clinics (freached), symptomatic FSW
attending the STI clinic that are treated (ftreated-clinic, fclinic,
Efftreat); FSW reached receiving PPT(fPPT); sex acts protected
in long term partnerships among FSW reached
(Condommain); FSW reached using condoms ‘‘always’’ with
casual partners (fcasual-always), FSW reached using condoms
‘‘always’’ with clients (fclient-always), as well as the efficacy of
PPT (EffPPT-treat) and the average duration of carryover effect
of PPT(Dppt).

The model parameters and the Avahan coverage targets are
summarised in set 4 (table 1G, H). The model assumptions
and modelled interventions are explained in appendix on STI
website.

Model parameterisation
Available epidemiological data from the Indian state of
Karnataka and other relevant sources were used to estimate
demographic, biological, and behavioural model parameters
(table 1). The analysis focused on two epidemiological
scenarios with differing HIV prevalence in the FSW and
general populations, using data from the Southern and
Northern Karnataka Districts of Mysore and Bagalkot,
respectively. The model was parameterised using data
collected by ICHAP (India-Canada Collaborative HIV/AIDS
Project) in 2004 in Bagalkot and during the Avahan IBBA
(Integrated Biological and Behavioural Assessment) in
Mysore and other relevant published and unpublished data
(2002–5).11 12 39 47 If site specific data were not available, data
from nearby districts,11 12 or aggregate data from Karnataka2

or from neighbouring states were used as necessary. The
parameter values were subsequently fine tuned, but con-
strained within the initial parameter ranges defined from
available data, to fit available observed HIV and HSV-2
prevalence data for Mysore and Bagalkot in 2004–5. As
prevalence data for GC and CT (that is, STI-1) were
inadequate in the Bagalkot district (Mysore IBBA FSW
survey indicated GC/CT prevalence of 14%), site specific HSV-
2 prevalence data were also used to validate modelled sexual
behaviour parameters with the expectation that this would
also allow better prediction of STI-1 prevalence. Thus the
‘‘Mysore’’ and ‘‘Bagalkot’’ scenarios are sketches useful to
give an assessment of whether the intervention is likely to be
effective and to what extent, in contrasting settings.

Sensitivity analyses
A univariate sensitivity analysis was undertaken using the
baseline Mysore parameter set, adjusting in turn the value of
each parameter to that in the Bagalkot baseline parameter
set, thereby allowing identification of which individual
parameters were key to explaining the difference in HIV
prevalence between the two modelled sites. Additionally, a
specific sensitivity analysis of the fraction of sex acts assumed

to be protected (that is, quantitative definition of consistency
of condom use) in the categories: ‘‘sometimes’’ and ‘‘always’’
was performed. A series of multivariate sensitivity analyses,
using Latin Hypercube sampling48–50 (see appendix on STI
website) of the behavioural, biological, and intervention
parameter space, were undertaken to assess the variability of
the effectiveness of the different intervention components
according to epidemiological settings and level of interven-
tion coverage. Parameter values are listed in table 1G and I.

Mysore: females in STI clinics8

Mysore: FSW IBBA data
Karnataka: high risk (NACO)2

S India: males10

S India: females (NACO)
Mumbai (NACO)2
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Figure 1 Predicted HIV prevalence over time following HIV introduction
in 1978 among: (A) FSW population and (B) total population, male and
females combined, for Mysore and Bagalkot scenarios (parameters as in
table 1A–F). The model was fitted to available HIV prevalence data
(vertical lines with symbols indicate mean, lower, and upper 95%
confidence limits). (C) Influence of different consistency of condom use
definition for FSW clients acts on FSW HIV prevalence immediately
before the interventions under the Mysore scenario. Definition of
consistency of condom use for categories ‘‘always’’ and ‘‘sometimes’’
are varied between 80–100% and 10–50% respectively. Baseline
definitions used in the Mysore (always = 80%, sometimes = 40%); and
Bagalkot scenarios (always = 90%, sometimes = 30%) are indicated on
the graph. Similar results were obtained for the total population (not
shown).
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RESULTS
HIV transmission
Figure 1A, B compares the predicted HIV prevalence over
time for female sex workers and the total population in
Mysore and Bagalkot with available data. The difference in
predicted HIV prevalence between the two scenarios is much
larger for the total population (fig 1B) (2005: Mysore ,,1%,
Bagalkot ,2.5%) than for FSW (fig 1A) (2005: Mysore
,,25%, Bagalkot ,.30%). Univariate sensitivity analysis
suggests that the difference in FSW and general population
HIV prevalence between the two modelled scenarios is
because Bagalkot mainly has (i) lower condom use rates
between FSW and clients, (ii) lower monthly numbers of
clients/FSW, and (iii) a much larger fraction of the
population having no sexual partners and, to a lesser extent,
to them having (iv) higher monthly numbers of casual
partners, (v) higher numbers of acts with these casual
partners, and (vi) lower condom use rates with casual
partners (details in supplementary fig A on STI website,
www.stijournal.com/supplemental). These changes increased
predicted Mysore HIV prevalence towards modelled Bagalkot
HIV prevalence except for (ii) and (iii), which necessitated a
much longer timescale following the introduction of HIV
infection to reach levels shown by data.

Figure 1C shows that the difference between consistency of
condom use assumed in the Mysore and Bagalkot scenarios
has a small impact on HIV prevalence in the Mysore scenario
and therefore will not influence the impact of the interven-
tion between the two scenarios. However, variation in FSW
HIV prevalence over the full range explored for the ‘‘some-
times’’ category (one order of magnitude variation) is
approximately twice as large as the variations over the
smaller range explored for the category ‘‘always,’’ which
highlights the importance of measuring the extent of
inconsistency in condom use.

Effectiveness of the interventions
Results of the predicted impact of the different components
of the modelled Avahan intervention introduced in 2005
show that the condom component has a greater impact on
HIV prevalence over time (fig 2A), and on the fraction of new
HIV infections prevented (prevented fraction, PF) in both
short and long terms for FSW. In contrast, the STI treatment
component only has a relatively modest impact on HIV
prevalence whereas the impact of PPT, initially as modest as
the STI component, improves over time because coverage
increases gradually over time as more women attend the STI
clinics and so start receiving PPT. Of note, despite the
successful interventions, over the medium term HIV pre-
valence continues to rise in the intervention scenario, albeit
at a slower rate than in the control (baseline). The
component treating symptomatic STI-1 infections achieves
a relative reduction in FSW prevalence of 5% and 10% by
2010 and 2020 respectively, compared with no intervention,
whereas PPT achieves 7% and 27% reduction compared with
no intervention. The PF over 5 years and 10 years were,
respectively, 12% and 15% for all components, 11% and 12%
for the condom component, 0.6% and 3.6% for PPT. This
contrasts with the PF suggesting that 55% of HIV infections
from 2005 and 2015 will be caused by STI-1. Thus, STI
treatment has potentially an important role in HIV preven-
tion, especially over the long term. Similar impacts of the
intervention were obtained for the general population as for
the FSW (not shown) because of low transmission rates
between low risk groups at this stage of the epidemic.

Sensitivity analysis
Figure 2B, C compares the effectiveness of interventions that
include all the components (fig 2B) and the PPT component

only (fig 2C), as a function of overall condom (fig 2B) and
STI coverage (fig 2C) as defined in table 1H. For a fixed
coverage, the interventions tend to be more effective in
Mysore than in Bagalkot (fig 2B), and the predicted
effectiveness of the intervention depends on the specific
combinations of intervention parameters that make up the
overall coverage. If the target condom coverage set by Avahan
is achieved (vertical lines on the graphs), the intervention
will prevent 20–25% of new infections in Mysore compared to
10–12% in Bagalkot, depending on the fraction of FSW
reached by STI and PPT intervention. However, if condom,
STI, and PPT targets are reached or exceeded (set 2) this
could increase to 22–35% in Mysore. In the short term, even if
condom coverage is high, many residual infections occur as a
result of imperfect coverage. The condom component alone is
expected to prevent around 20% of all new infections over
5 years in Mysore and around 6% for the STI component
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Figure 2 (A) Predicted impact of the Avahan intervention introduced in
2005 on FSW HIV prevalence in Mysore. The parameters used are as
described in set 4 (table 1G, H) except DAll = 80%, resulting in overall
condom coverage of 72% (that is, fraction of all FSW client contacts
protected), compared to 69% at baseline (table 1E–F) and 81% with
target coverage (set 4 with DAll = 90%). (B) and (C). Multivariate
sensitivity analyses comparing the fraction of new HIV infection
prevented over 5 years as a function of overall condom and STI
coverage as defined in table 1H for the interventions B) combining all
components in Mysore (set1 with DAll = 0.8 (open triangle) and DAll = 0.9
(square dot), set 2 (open circle) and Bagalkot (open diamond) scenarios
or (C) PPT component only in the Mysore scenario. Vertical lines indicate
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and condom intervention components are at or above target values
(table 1G).
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alone (not shown). PPT alone is expected to prevent 7%–14%
new HIV infections over 5 years and about half of these
proportions in Bagalkot (not shown). This can vary greatly
depending on the frequency of PPT offered (fig 2C). In
comparison, the maximum fraction of HIV infections that
would be prevented over 10 years by eradicating STI-1 (that
is, attributable fraction) is smaller in Bagalkot (,38%) than
in Mysore (,55%). Although in the short term little can be
expected from the PPT intervention, a prevented fraction of
between 10% and 20% still corresponds to several hundred
infections prevented among FSW and several thousand in the
total population respectively in Bagalkot and Mysore.

Figure 3 compares the long term effectiveness of each
intervention component in populations with 1% of women in
the general population being FSW and a 20% FSW HIV
prevalence using various intervention (table 1G) and
epidemiological parameter values (table 1H). The ranking
of intervention components is consistent with previous
univariate results (fig 2A). For example, for the range of
intervention parameters explored, the ‘‘all components’’
intervention is expected to prevent on average (25th, 75th
percentiles) 9%–22% of all new HIV infections over 15 years,
compared to ,5%–12% for the condom component only and
less than 7–8% for the other components. Further sensitivity
analysis suggests that the intervention tends to be more
effective in low than high prevalence settings and slightly
more effective in populations with smaller compared to larger
FSW populations, independently of HIV prevalence (supple-
mentary fig B, C on STI website, www.stijournal.com/
supplemental). Note that the impact of the FSW intervention
in the general population and in clients (not shown) depends
largely but not exclusively on the success in the FSW
population. It also depends on increases in condom use in
non-FSW-client relationships following the intervention
(table 1G).

DISCUSSION
Our preliminary modelling work was useful to assess the
potential impact of the Avahan intervention targeted to FSW,
and the degree to which, even within a particular region, its
impact may differ.

Our analysis explored the relative effectiveness of different
components of the Avahan intervention at current Avahan
target levels as implemented in a low (Mysore) and high
(Bagalkot) epidemic scenario for India, yet levels of both
epidemics are relatively low compared to sub-Saharan Africa.
The results suggest the same intervention is likely to be half
as effective (in terms of preventing new HIV infections) in
the Bagalkot setting as in Mysore. However, these predictions
are subject to considerable variability as a result of
uncertainty in model parameters as a result of lack of reliable
data.

Results from uncertainty and sensitivity analyses suggest
that, if all components of the intervention (that is, for PPT,
STI treatment, and condom use) reach target coverage, the
intervention could prevent between 22–35% of all new HIV
infections in a setting like Mysore over 5 years (fig 2B), and
about half that in a setting such as Bagalkot. However, small
variation in coverage (for example, increase from baseline to
75% versus baseline to 80%) can lead to relatively large
differences in effectiveness (15% versus ,25%). The degree to
which the model predicts that a substantial population level
impact is achievable through targeted intervention activities
supports the importance of the Avahan intervention and its
objectives.

In all simulations, the intervention that combined all
components was more effective than any of the individual
components—the condom intervention among FSW clients,
PPT, or syndromic STI treatment of FSWs. However,
effectiveness of PPT increased over time because the coverage
of PPT increased as more women attended the STI clinic. The
projected impact of PPT was particularly sensitive to the
frequency of treatment, with higher frequencies (every
month) being needed to reach maximum effectiveness
(fig 2C). These results highlight the observation that the
coverage and frequency of PPT interventions are key in
attaining their full potential impact on HIV transmission.
Because HSV-2 therapy was not included in the projections
the impact of STI intervention may have been under-
estimated. On the other hand, it may overestimate the
impact of PPT if the assumed increase in PPT coverage with
increased clinic attendance may not occur or if FSW do not
persist with PPT.

Our results have broader implications for targeted FSW
interventions in other settings with similar epidemiological
conditions. While increasing condom use was the most
effective component, the treatment of STIs also has an
important role in HIV prevention if high enough coverage for
a prolonged time period can be achieved. However, because
many infections may be missed by syndromic management
because of its low sensitivity, other strategies such as PPT or
rapid STI tests may be important to achieve greater impact.

The estimated effectiveness of the Avahan intervention in
the specific settings modelled depends on the coverage of the
FSW population attained by the intervention, but also on the
existing epidemiological context. The different intervention
components were more likely to have a greater impact in
settings with lower HIV prevalence and with smaller FSW
populations (for example, Mysore versus Bagalkot). This has
important implications for the design and the evaluation of
interventions. The epidemiological parameters that had the
greatest influence on projected prevalence were those relating
to sexual behaviour, particularly numbers of clients per FSW,
and the pattern and consistency of condom use by FSWs.
Further simulations suggest that in the context simulated,
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Figure 3 Multivariate sensitivity analysis that compares the long term
effectiveness of each intervention component under various intervention
and epidemiological parameter values (epidemiological parameters
varied over the ranges specified in table 1H; note that in the ‘‘all
interventions’’ scenario only, condom use parameters for those in casual
partnerships were also varied). Results show box and whisker plots (1st,
25th, 75th, and 99th percentiles) of the fraction of new HIV infection
prevented over 15 years. The different intervention components are
evaluated in populations with 1% FSW and FSW HIV prevalence of 20%
(all components (All interv), condom component (SW Cdm), PPT, or STI
component: set 3, table 1H and I). The variability in estimates for ‘‘all
interventions’’ is larger because it has more intervention parameters than
single components. There are 80 simulations for each single component
and 300 simulations for the combined interventions. More detailed
analysis by size of FSW population and FSW prevalence are presented
in supplementary figure B, C on STI website (www.stijournal.com/
supplemental).
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the mixing patterns of the long term relationships have little
impact on the number of HIV infections averted (that is,
19.9% of infections are averted for proportionate versus 19.0%
for assortative). The difference in the definition of consis-
tency of condom use (for categories ‘‘always’’ and ‘‘some-
times’’) between the two modelled scenarios did not have
great impact upon these projected prevalences and therefore
could not explain difference in intervention effectiveness
between settings (fig 1C). However, in general the definition of
condom use consistency and the size of the FSW population
(not shown) has a big influence on the predicted course of the
HIV epidemic. This emphasises the need to accurately and
precisely measure condom use rates and FSW population size,
so that the resultant data reflect reality as accurately as possible,
and to assess the reliability of model based conclusions to
variation in these parameter assumptions.

The validity and precision of model projections depend on
the quality of the data used to parameterise them. Although
there are plans to considerably expand coverage of anti-
retroviral therapy (ART) in India, currently coverage is in
general very low, and so ART effects were not factored into
the modelling at this time. As more comprehensive data on
sexual behaviour, HIV and STI trends in different risk
populations accumulate during the course of the programme,
and ART becomes increasingly available where the Avahan
intervention is implemented, more sophisticated mathema-
tical models incorporating more accurate and detailed
information on the key determinants of HIV in India are to
be developed to consider these issues further and validate
these preliminary model predictions.
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